The new series of the 2,2'-bipyridyl based d-f hetero binuclear Gd(III) and Cu(II) were synthesizes by Schiff base condensation method using 2,2'-bipyridyl, 5-bromosalicylaldehyde and different secondary amines namely; diethylenetriamine, tris(2-aminoethyl)amine, triethylenetetramine, N, N-bis(3-aminopropyl) 
Introduction
A wide assortment of Schiff Base 2,2'-bipyridyl based d-f hetero binuclear metal complexes can be utilized for the design of molecular ferromagnets, as catalysts for many Schiff Base reactions, models of reaction centers of optical materials, luminescence materials, DNA binding and cleavage reagents, metalloenzymes etc. [1] [2] [3] . Transition metal complexes with tunable coordination environments and versatile spectral and electrochemical properties offer a great scope of design for species that are suitable for catecholase, DNA binding and cleavage activities 4 . Hence, the synthesis of symmetrical and unsymmetrical binuclear Gd(III)Cu(II) complexes has gained more attention in recent years. †Presented to the National Conference on Chemistry Solutions at SRM University, India
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Chem Sci Trans., 2013, 2(S1), S207-S219 2,2'-Bipyridines (bpy) have been widely studied due to their predictable coordination behavior as well as their interesting electrochemical and photophysical properties 5, 6 . d-f Gd(III)Cu(II) complexes have particularly drawn significant interest, since they are able to catalyze reduction and oxidation processes under visible light irradiation enclosing a broad range of substrates.
The spectroscopic tags and functional models for the active centers of proteins and metal complexes have helped elucidate the mechanisms by which metalloproteins function. Binucleating ligands are particularly suited for the synthesis of such complexes as they are more stable and the Gd(III) and Cu(II) metal ions are fixed in close proximity, which has important implications for metal-metal interactions and their reactivity 7 . These properties have turned chemical nucleases into useful tools as adjuvant in PCR diagnostics 8 nucleic acid attacking and cleaving agents 9 .
Each of the Gd(III) and Cu(II) ions is in a different coordination environment, the Gd(III) ion is coordinated to acyclic imine compartment and Cu(II) ion coordinate to 2,2'-bipyridyl moieties.
We have already reported the mono nuclear acyclic Gd(III) complexes 10 . Herein, we report the synthesis of side-off unsymmetrical binuclear Gd(III) and Cu(II) complexes (Scheme 1) and their electrochemical, luminescence, magnetic, catecholase activity, DNA binding, DNA cleavage and anti-microbial studies.
Experimental
5-Bromosalicylaldehyde
11 was prepared following the literature method. 2,2'-Bipyridyl, and gadolinium nitrate were purchased from Aldrich. Analytical grade methanol, acetonitrile and dimethyl formamide were purchased from Qualigens. TBAP used as supporting electrolyte in electrochemical measurements was purchased from Fluka and recrystallized from hot methanol. N,N-Bis- (3-aminopropyl) piperazine, N,N-bis-(3-aminopropyl) ethylene diamine and tris-(2-aminoethyl)amine were purchased from Aldrich. Triethylenetetramine, diethylenetriamine and copper carbonate were purchased from Qualigens.
Analytical and physical measurements
Elemental analysis of the complexes was obtained using a Haereus CHN rapid analyzer. Conductivity measurement of the complexes were measured using a Elico digital conductivity bridge model CM-88 using freshly prepared solution of the complex in DMF. The FT-IR spectra were recorded on a Perkin Elmer FT-IR 8300 series spectrophotometer on KBr discs from 4000 to 400 cm -1 . Electronic spectral studies were carried out on a Perkin-Elmer UV-320 spectrophotometer from 200 to 1100 nm. ESI Mass spectra were obtained on a JEOL DX-303 mass spectrometer. The concentration of the samples was about 1.0 µ mol dm -3 . The diluted solutions were electro sprayed at a flow rate of 5×10 -6 dm -3 min
with a needle voltage of + 4.5 kV. The mobile phase was an aqueous solution of methanol (v/v, 1:1) and the samples were run in the positive-ion mode. Steady state fluorescence measurements were carried out by using a fluorescence spectrophotometer (Fluoromax 4P, Horiba Jobin Yvon). The concentration of the stock solution was 3×10 -5 M in DMF medium.
General procedure for electrochemical studies
The cyclic voltammetric experiments were performed on a CHI-600A electrochemical analyzer under oxygen free condition using a three-electrode cell in which a glassy carbon Chem Sci Trans., 2013, 2(S1), S207-S219 S209 electrode was the working electrode, Ag-AgCl as reference electrode and a platinum wire was the auxiliary electrode. The oxidation potential of ferrocene /ferrocenium (Fc/Fc + ) couple under the experimental condition was 470 mV. Tetra n-butyl ammonium perchlorate (TBAP) was used as the supporting electrolyte. Experiments were performed under a purified nitrogen atmosphere at 25±0.1 °C. All the complex concentrations were 1.05×10 -3 mol dm -3 in 0.1 mol dm -3 TBAP (tetra-butyl ammonium perchlorate) DMF solutions. The solutions were deaerated for ca. 15 min before applying the voltage. The half wave potentials, E 1/2 , were calculated approximately from (E pa + E pc )/2 and the measured errors were ±2 mV.
General procedure DNA cleavage studies
The cleavage activity of complexes has been studied by agarose gel electrophoresis using pBR 322 DNA. The DNA was treated with the [GdCuL [1] [2] [3] [4] [5] (bpy) 2 ] complexes in different concentrations (20, 40, 60 , 80 and 100 µM) fortified with 5 mM H 2 O 2 , 100 mM Tris-Hcl (pH 8.0) and 0.2 µg/µL of pBR 322 DNA. All the samples were incubated for 2 h at RT in both light and dark conditions. After the incubation period, the concentration of DNA was quantified using spectrophotometer and the results have expressed in µg/µL units. The remaining samples have been loaded on 1% agarose gel using 1 µg/mL ethidium bromide and 6X gel loading buffer. The Electrophoresis was carried out for 1.5 h at 100V in TBE buffer. Bands were visualized by UV light and photographed using Geldoc 100 (Biorad) system.
Scheme 1
Synthesis of bipyridine based d-f hetero binuclear complexes
The d-f binuclear complex was prepared from a general synthetic procedure in which an ethanolic solution of Cu(ClO 4 ) 2 . 6H 2 O (0.0925 g, 0.25 mmol) was added slowly to a vigorously stirred suspension of the mononuclear Gd(III) complex (0.25 mmol) in methanol (10 mL) and the mixture was stirred for 15 min to obtain a clear solution. Then an methanolic solution (5 mL) of 2,2-bipyridyl (0.07809 g, 0.5 mmol) was added dropwise to the above solution and the resulting solution was stirred for 3 h at 25 °C. A dark green colored solid was separated on evaporation of the solvent at ambient temperature and this was recrystallized from acetonitrile. 
Results and Discussion
IR spectra
The IR spectra of the complexes show all the expected bands for coordinated Schiff base type (bpy) ligands. The bands at 1580 cm -1 and 1240 cm -1 are assigned to coordinated C=N-and C-O-stretchings, respectively. Coordination of the ligand to the metal through the imine nitrogen and phenolic C-O-is expected to reduce the electron density in the imine nitrogen and lower ν(C=N) to 1619 cm -1 and phenolic (C-O-)1240 cm -1 that showed that Chem Sci Trans., 2013, 2(S1), S207-S219 S211 the imine nitrogen of the ligand is strongly coordinated to the metal center 12 . A medium intensity band, at 3330 cm -1 in the free ligand due to ν(OH) was absent in the complex, indicating deprotonation of the ligand prior to coordination 13 . For the complexes, bands at 430-466 cm -1 could be assigned to -(M-O) bond. Sharp peaks observed around 1330-1400 cm -1 are assigned due to ν(Gd-NO 3 ) in the complexes 14 . Other weak bands at lower frequency could be assigned to -(M-N) bond. The spectra of all the complexes are dominated by bands at 3150-3070 cm -1 due to the aromatic C-H stretching vibration 15 . The presence of uncoordinated perchlorate anions in all of the binuclear complexes are inferred from a single broad band around 1100 cm -1 (ν 3 -antisymmetric stretching) which are not split and a band around 650 cm -1 (ν 4 -antisymmetric bending).
ESI mass spectral analysis
The ESI mass spectra of binuclear complexes [GdCuL 
Electronic spectra of [Gd(III)Cu(II)L 1-5 (bpy) 2 (NO 3 )] complexes
Electronic spectra of all the complexes were obtained in DMF medium. The electronic spectra of all the complexes show a single weak d-d band in the region 573-610 nm due to d x 2 -y 2 → d xy yz ; d z 2 ; d xy associated with distorted octahedral geometry around the Cu(II) ion. A red shift in the λ max value of d-d band width increase in the chain length between imine nitrogen has been observed. This red shift may be due to the distortion from planar geometry as the chain length increases. Moderately intense band observed in the region of 361-394 nm is associated with ligand to metal charge transfer transition 16, 17 . The peak in the range of 247-294 nm is assigned to the intra ligand transition (π-π*). Electronic spectra of all the hetero binuclear [GdCuL [1] [2] [3] [4] [5] Table 1 . 
Fluorescence spectra
Emission spectra of complexes [GdCuL [1] [2] [3] [4] [5] ] in DMF solution with excitation at 460 nm were shown in Figure 4 . The fluorescence characteristics complexes were determined. The luminescence of Ln 3+ chelates is related to the efficiency of the intramolecular energy transfer between the triplet levels of the ligand and the emitting level of the ions, which depends on the energy gap between the two levels. In the intramolecular energy transfer, triplet state energy of the ligand is regarded as an important factor in excitation of the lanthanide ion 18, 19 . Compared with complex 3 [GdCuL 3 ], there is lower emission band in the range 400-700 nm indicating the fluorescence of Gd, Cu ion in the cavity was completely quenched [20] [21] [22] , which is magnetic-dipole allowed, is hardly affected by a change of the coordination environment. The intense band around 500 nm for 8 S 7/2 ← 6 D j is an electric-dipole allowed transition and its emission intensity is sensitive to the coordination environment of Gd(III). This shows that fluorescence emission of Gd(III) ions in the complex was influenced by the ligand center. The temperature (T) dependence of magnetic susceptibility (χ m ) in the range of 20-300 K is shown in Figure 6 . The effective magnetic moment (µ eff ) at 300 K is 7.78 µ B obtained form the plot χ M T vs. T. At 180 K the χ M T value is equal to 7.85 cm 3 K mol -1 , which roughly corresponds to the value expected for the two uncoupled metal ions. Lowering the temperature causes to increase the χ M T value to 10. 2 /(χ obs T ) 2 ] 3.9×10 -5 there is no doubt that the observed ferromagnetic behaviour is an intrinsic property of the core. The J values are slightly lower for GdO 2 Cu than those previously published for four structurally characterized hetero binuclear (Cu, Gd) complexes. The structural study of the complex shows that a third bridge joins an axial site of Gd to an axial site of Cu which has, at best, a very feeble spin density. The observed J value (4.81 cm -1 ) is quite similar to those found for complexes in which the magnetic interaction is mediated by a double bridge, CuO 2 Gd as in previous examples. Furthermore, the very nice fit obtained for Figure 6 with the help of the above expression corresponding to a binuclear Gd-Cu complex confirms the binuclear character of the powdered sample. 
Cyclic voltammetric behavior
( Full line corresponds to the best data fit)
Kinetic Studies
Oxidation of pyrocatechol (Catecholase activity)
The catecholase activity of the [GdCuL [1] [2] [3] [4] [5] (bpy) 2 ] complexes synthesized in the present work was carried out using pyrocatechol as the convenient model substrate for the identification of functional models for the metalloenzymes 24 . For this purpose, 10 -3 mol dm -3 solutions of the complexes in dimethylformamide were treated with 100 equivalents of pyrocatechol in the presence of air. The course of the reaction was followed spectrophotometrically at 390 nm for nearly 45 min at regular time intervals of 5 min. The slope was determined by the method of initial rates by monitoring the growth of the 390 nm band of the product o-quinone. A linear relationship for initial rate and the complex concentration obtained for [GdCuL [1] [2] [3] [4] [5] (bpy) 2 ] complexes show a first-order dependence on the complex concentration for the systems.
Plots of log (A ∞ /A ∞ -A t ) vs. time for catecholase activity of the [GdCuL 1-5 (bpy) 2 ] complexes are obtained and shown in Figure 7 . The inset in Figure 7 shows the time From the results it is observed that the rate of oxidation of catecholase to o-quinone has increased as the chain length increases. The catecholase activity of complex containing longer carbon chain in the imine compartment is higher than that of the complex containing lesser carbon chain in the imine compartment, which is due to flexibility resulting from distortion of the coordination sphere. Increase in the chain length causes a greater distortion of the geometry of the complexes. This geometry may favour the observed higher rate of the reaction.
DNA binding and cleavage studies
Absorption spectral studies 2 ] with calf thymus (CT) DNA is characterized by measuring their effects on the UV spectra. Complex binding with DNA through intercalation usually result in bathochromism due to the intercalative mode involving a strong stacking interaction between an aromatic chromophore and the base pairs of DNA 25 . In the present investigation the interaction of the bipyridyl based binuclear [GdCuL 1 
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Chem Sci Trans., 2013, 2(S1), S207-S219 have been investigated. Absorption titration experiments of the Gd(III)Cu(II) complexes in buffer were performed by using a fixed concentration to which gradually increments of the DNA (10 mM) stock solution were added at 25 °C. The binding of the complexes to duplex DNA led to a decrease in the absorption intensities with a small amount of red shift in the UV-Vis absorption spectra. After intercalating the base pairs of DNA, the π* orbital of the intercalated ligand can couple with the π orbital of the base pairs, thus decreasing the π-π* transition energy and resulting in the bathochromism 26 .
To compare quantitatively the affinity of the complexes toward DNA, the binding constant K of the complexes to CT DNA was determined by monitoring the changes in the absorbance of charge transfer spectral band near at 230 . The spectroscopic titration of the complexes was shown in Figure 8 . DNA binding constant value given in Table 4 . The extent of hypochromism gives a measure of the strength of the intercalative binding. The observed trend in hypochromism among the present complexes follows the order bipyridyl based binuclear (GdCu). The intrinsic binding constants K b of the four complexes with CT DNA were determined according to the following equation.
[ Fluorescence spectral studies
In [1] [2] [3] [4] [5] (bpy) 2 ] complexes there was an increase in the incubation time of room temperature which leads to the cleavage efficiency was increased. Its reported that the binding activity of ligands with DNA was efficient. A notable similarity of expression is obtained for all the chemical complexes through all the complexes cleave DNA by formation of cleaved bands Agarose Gel electrophoresis photograph are given in Figure 10 . So we can bring those compounds for further medication studies. In this work we present the successful application of in vitro screening based on the DNA cleavage. (bpy) 2 ] exhibits pronounced bioactivity in vitro infection experiments compares with other ligand whether it may be the activity based on saturation condition or position of the ligand [30] [31] [32] [33] [34] . These results confirm the applicability of complex activity on infectious organisms. This preliminary study offers rich opportunity for complex activity on in vitro studies and identification of various bioactive chemotypes. These inhibitory studies will help to gain new insights into the relationship between bacterial vectors with [GdCuL [1] [2] [3] [4] [5] (bpy) 2 ] complexes on the molecular level.
Antimicrobial activity
Antimicrobial activity of the synthesized binuclear complexes [GdCuL [1] [2] [3] [4] [5] 
Conclusion
We have synthesized and characterized five d-f heterobinuclear Gd(III)Cu(II) complexes. All the d-f hetrobinuclear Gd(III)Cu(II) complexes have better antimicrobial activity against gram positive and gram negative pathogens. The electronic spectra of [Gd(III)Cu(II)L [1] [2] [3] [4] [5] ] complexes have red shift in the spectra is due to the increase in chain length. Electronic absorption and fluorescence spectra measurements of [Gd(III)Cu(II)L 5 (NO 3 )] complex indicates strong binding with CT DNA, presumably via intercalation. Catalytic activity increases due to increase of methylene groups around the metal.
